I COME before you to-night somewhat in fear and trembling, not that I wish to make any dogmatic statements, but to take you into my confidence and invite your criticism before proceeding further with my work. The communication which I propose to make this evening is on the much vexed question of the distribution of the ultimate nervefibrils of the dental pulp. It is more in the nature of a preliminary note than a paper, as I am now working on some fresh material, and hope to be able to place the subject before you in a more complete form at a later date.
I have lately resumed some work which I commenced nearly twenty years ago, and in examining some slides found one or two which seem to show much more distinctly than they did the passage of the nervefibrille to the dentine. These specimens were prepared by the iron and tannin process, and, unlike many microscopical preparations, had improved by time. I can only suppose that, this being an impregnation process and not a stain, the action of the tannin on the iron in the tissues had become more complete.
To show how far I had carried the investigation in former years, I may perhaps be allowed to quote from the 1904 edition of Tomes's "Dental Anatomy." The author says (p. 63) "Mr. Mummery's iron preparations clearly show that fine fibres, traceable into connexion with indisputable nerve-bundles deeper into the pulp, do run out straight towards the dentine and right up to it as though they entered it."
A-19 Again (p. 98) -" Mr. Mummery, using as a stain an iron salt followed by tannin, has succeeded in showing that from the nerve-bundles which course along more or less parallel to the surface of the pulp very fine fibres are given off, which run towards the dentine, and I have gone over these preparations with him. Whilst there are appearances suggestive of their entering it, we could arrive at no certain conclusion; such is the difficulty of the investigation where very delicate structures are in relation with a calcified material."
Since this was written the late Herr Morgenstern and Dr. Romer have carried out further investigations on the pulp nerves, and both, although differing in some details in the conclusions they arrived at, describe the ultimate nerve-fibrils as penetrating the dentine from the pulp. I believe that neither of these observers have published any photographs, but have illustrated their views by drawings, and their observations do not appear to have been corroborated by others using the same methods.
I have confined myself entirely to photographs, and, allowing that the fibres I shall show in the lantern slides are the nerve-fibrillae (and certainly their connexion with the nerve plexus beneath the odontoblasts seems fairly well showil), these fibrille pass into the tubules of the dentine, and appear to accompany the fibril. On their ultimate terminations in the hard tissue my specimens shed no light, although the German observers describe them as terminating in the spindle-shaped enlargements at the junction of the enamel and dentine. Unless, however, the nerve-fibrils can be actually traced up the tubes into these enlargements, this must, I think, be looked upon as purely theoretical.
As is well known, the medullated nerve-fibres enter the tooth pulp at the apical foramen, and in most cases accompany the blood-vessels in their passage up the pulp. At their terminations they break up into a fine brush, losing their sheath, and are distributed in the pulp tissue as delicate ultimate fibrils, which, at all events under the action of reagents, are dotted or beaded. They form an intimate plexus beneath the odontoblasts, called the plexus of Raschkow, and fine fibres pass from this plexus around and between the odontoblasts to the dentine, where, as I shall hope to show you immediately, they enter the tubes with the dentinal fibril. They seem to be very unevenly distribut ed on the surface of the pulp, being much more abundant, as pointed out by Morgenstern, towards the cornua of the pulp. I have not been able to trace any of these fibrils directly into the odontoblasts; nor, I believe, has Mr. Hopewell-Smnith, although I agree with him that they closely envelope and embrace these cells.
I had a considerable difficulty in obtaining satisfactory photographs, as a small diaphlragm has to be used in photographing these impregnated specimens, and the colour, which is blackish, would not, I found somewhat to my surprise, give me a well-defined photograph. It is really a purplish-blue, and by interposing a filter of copper acetate solution and an optically worked picric acid glass screen, I procured very sharp definition on the plates. Direct light was used from an acetylene burner, using the edge of the flame.
I have made use of various processes in staining sections for this investigation, but have found none so satisfactory as the iron and tannin. The chromic acid method employed originally for this purpose by Boll showed an immense ntumber of fibres passing towards the dentine, but I could not trace them further, and the method is open to the objection that the deposits formed in the dentine are very miiisleading. The same objection applies to the Golgi method. Those in which I used the WTeigert stain gave the most perfect definition of the structure of the medullated fibres, but the fine fibrillam were far less perfectly defined. I do not think the iron and tannin process is open to these objections, at all events to the same extent; the fine fibres saturated with the iron salt are blackened by the tannin, and any dirt or deposit fronm iinperfect washing or clearing can be easily detected.
I will now show the slides upon the screen, that you nmay be able to form an opinion as to whether or no I am justified in my conclusions.
DISCUSSION.
Mr. GABELL recognized the extreme difficulty of producing photographic work under such a high power of magnification, and asked whether Mr. Mummery, with his finger on the fine adjustment, was able to trace any short, fine dotted filaments from the dentine back to the plexus of Raschkow. It was a thing that was almost impossible to show in a photograph.
Mr. SIDNEY SPOKES asked whether some of the photographs shown that evening were from specimens prepared by Mr. Mummery twenty years ago, or new specimens made for the present purpose. He remembered having the pleasure of seeing Mr. Mummery's former specimens and trying to focus the nerves with the fine adjustment and trace them, as Mr. Gabell had suggested, and Mr. Mummery was good enough to allow him to examine them carefully at the time. Although he was able to focus right up to the dentine it was never possible to see the appearance Mr. Mummery had shown in the specimens that evening. Therefore, if they were the old specimens, the very interesting question was raised as to what change had taken place owing to the reagents that were used in preparing the specimens.
Mr. F. J. BENNETT congratulated Mr. Mummery on his excellent photographs and also upon his perseverance on taking up the subject again after twenty years. There was no doubt that in some microscopical specimens the reagents seemed to have a preservative effect upon the tissues and also the power of selection. We knew very little about the chemistry of stains and dyes used in microscopical work, but apparently Professor McCullum, of Toronto, and others were finding that a great deal could be learned both about histological structures and chemical action by studying the stains in specimens. Mr. Mummery wisely declined to enter into any discussion of the functions of the nerves in those cases. He hoped when Mr. Mummery said he was continuing his investigations he did not mean that another twenty years would elapse before the information was brought before the Section.
Mr. HOPEWELL-SMITH thought it was somewhat of an impertinence for him to criticize the paper, as he was not present at the beginning of the meeting, although he saw most of the lantern slides. He had some little difficulty in accepting Mr. Howard Mummery's beliefs, partly on anatomical grounds-he could not quite understand a non-medullated nerve-fibril running in a calcified tube by itself, as such a condition did not obtain in the bonesand partly on clinical grounds. He thought that if the dentine was enervated caries would always be an extremely painful process, even at the commencement, which it was not. In preparing a cavity the deeper the excavation was made very often the less sensation was found. If there were non-medullated fibrils in the dentinal tubules he thought there would be more pain as the cavity became deeper and approached the pulp. From the pathological point of view he would expect that the formation of adventitious dentine or secondary dentine in the pulp would be associated with pain if there were nerves in the tubes. The subject was of peculiar interest to him, because the very first paper he ever wrote on dental subjects twenty-two years ago was associated with the nervous system of the pulp, and he had followed with much interest the writings on the subject both in France and Germany. He thought the old ideas of Waldeyer as to the odontoblasts forming the dentine matrix were quite obsolete, and he was pleased to find that Walkhoff and Korff and Studnicka had agreed lately that the odontoblasts did not form the dentine matrix, but probably the sheaths of Neumann. He still believed that the odontoblasts were not nerve-fibrils but sensation transmitters, and that the dentinal tubules contained nothing but their peripheral protoplasinic processes bathed in serum, and that the non-medullated nerve-fibres arborized around the odontoblasts, and did not penetrate the hard parts of the teeth. It was not so in fishes and reptiles, and could not be in mammals. The great objection to that idea was that the odontoblasts were mesoblastic in origin; but he might say that doubts were beginning to be expressed that the three germ layer theory might not be correct. Von Klaatsch had raised that point, and believed that it was not necessary for one to hold rigidly to the idea that the nervous system emanated entirely from the epiblast. The botanists had, two years ago, relinquished that theory with regard to the structure and growth of the cells of plants. He was sure the Section was much indebted to Mr. Mummery, whose work on clentine was so well known, for giving the Section his latest researches on the subject, and he was very sorry he could not altogether agree with his findings. Mr. H. BALDWIN said that, as Mr. Hopewell-Smith had based two of his objections on physiological grounds, he was bound to confess himself that he had always considered the mere fact that the dentine was a highly sensitive structure was a proof that nerve-fibres of some sort must enter the dentine, and, of course, the only way for them to enter the dentine would be for them to travel in the dentinal tubes. He did not think there was any instance in such a highly developed structure as, the human organism of inherent sensation being imparted to any structure without the presence of nerve-fibrils. Clinical experience showed positively that dentine was inherently a highly sensitive structure, and it would naturally be expected that the outer layers of the dentine would be the most sensitive if they were the actual termination of the nerve-fibrils. Mr. Mummery's photographs certainly showed very fine black fibres running along the tubules, and he would like to ask Mr. Mummery whether it was certain that those black fibres were necessarily nerve-fibres. If by the method of staining only nerve-fibres were stained, then he thought the photographs proved conclusively and absolutely that the fibres entered the dentinal tubules. In his opinion, Mr. Mummery's researches had brought forward the proof he had been always looking for, that the nerve-fibres did actually penetrate'the dentine; without admitting the presence of nerve-fibrils, the only way of explaining the high sensitiveness of the dentine would be by saying that the dentinal fibres contained nerve material undifferentiated, or something of that sort, which he thought would be absurd.
Mr. LEWIN PAYNE asked whether the tubes were penetrated by these nervefibres from all parts of the pulp cavity or only ip certain limited areas; this was a point of some importance in regard to the sensitiveness of the dentine. The great value of ascertaining the exact distribution of the nerves of the pulp was apparent, for one could not properly allocate the functions of the odontoblast cells, or other cells of the pulp, until the distribution of the nerves had been definitely determined. Mr. J. HOWARD MUMMERY, in reply, said, with regard to tracing the fibres from the plexus of Raschkow to the dentine, he had examined aa number of specimens, and certainly considered he had done that in many of them. It was exceedingly difficult with high powers to trace a single fibre for any great distance, because of the difficulty of focussing. He showed them to Mr. Tomes, who examined them very carefully, and was of opinion that the fibres did go from the plexus in between the odontoblasts to the dentine. What he was trying to prove was that these fibres, that did go from the plexus of Raschkow to the surface of the dentine, actually entered the tubes. With regard to the specimens, they were the same as those he had twenty years ago. On going through them again, he found distinct changes had taken place-changes he could not understand, except that they might be due to the action of the tannin upon the iron, which action had continued. As to the method employed; after cutting the sections, subjecting them to a solution of 2 per cent. of perchloride of iron, washing them thoroughly, and then using a 2 per cent. solution of tannin, by watching the action of the tannin upon the iron in the specimens under the microscope one could see when they were sufficiently blackened. If they were allowed to remain in the tannin solution too long, the whole specimen was blackened and made difficult of recognition. The weaker the solution the better the result. A long action of weak solutions would produce a much better effect than using too strong a solution at the beginning. He had been disappointed with Mr. Hopewell-Smith's remarks, and was sorry he could not agree with his view that the odontoblast cells were nerve-endings. He thought there were very many reasons against it, but he had purposely avoided all theoretical considerations that evening. He had simply shown on the screen certain photographs of certain preparations, and asked whether they were nerve-fibres or not. Mr. Hopewell-Smith did not answer that question, but simply said he thought the odontoblasts were nerve-end organs, and clinical experience showed there could be no nerves in the tubes of the dentine. Mr. Baldwin had shown from clinical experience that they ought to be there. Really Mr. Hopewell-Smith's objection was more on theoretical grounds than practical, and he should like still to know what was his opinion on the fibres. In reply to Mr. Lewin Payne's remark, he thought in the paper he had stated they were much more frequently seen, and in much greater abundance, at the cornua of the pulp. He had prepared a number of specimens with iron and tannin, and ground them down by the Weil process, but this method was of no use for fine detail, because it was impossible to get the sections thin enough to follow up the fine nerve-fibres. That led him to continue his investigations on the microtome sections, because he was quite certain that those fibres which were seen in such abundance, and which had been described by Ball as seen in his chromic acid preparations, could not be the fibrils of the odontoblasts. He did not think the nerve-fibres were given off at all equally; they were given off much more abundantly towards the cornua than anywhere else, and spread out in the dentine. It was a difficult point to decide, because he could not see these fibres in sections of the dentine away from the pulp, but could only trace them for a short distance into the tubules. All he put forward on this occasion was that these were appearances he had never seen before, and they seemed to him to agree with the views of other observers, who said that the nerve-fibres did enter the dentine.
